Objectives To describe colostrum management practices carried out in northern Victorian dairy herds and to identify weaknesses in these areas that may affect calf health and welfare by comparing the results with the current industry recommendations
Methods A questionnaire to obtain information about colostrum management and calf-rearing practices was sent to commercial dairy farming clients of Rochester Veterinary Practice between June and September 2013. The questionnaire consisted of a general herd overview and colostrum harvesting practices.
Results The response rate was 39% (58/150). Many dairy producers were not meeting the current industry recommendations in the following areas: (1) time of removal calf from the dam, (2) relying on calf suckling colostrum from the dam to achieve adequate passive transfer, (3) failing to supplement calves with colostrum, (4) feeding inadequate volumes of colostrum, (5) delayed colostrum harvesting, (6) pooling of colostrum, (7) failing to objectively assess colostrum quality or relying on visual assessment and (8) storing colostrum for a prolonged periods of time at ambient temperatures.
Conclusion
The results from this survey highlight the need for greater awareness of industry standards for colostrum management and feeding hygiene.
Keywords calf management; colostrum; dairy cattle; industry standards Abbreviations CI, confidence interval; cfu, colony-forming units; FTPI, failure of transfer of passive immunity; IgG, immunoglobulin G Aust Vet J 2018;96:101-106 doi: 10.1111/avj.12683 C alves are required to ingest colostrum from the dam and absorb immunoglobulins (especially IgG) across the intestinal epithelium, because the syndesmochorial placentation in the cow prevents transmission of immunoglobulins to the fetus in utero. 1 As a consequence, neonatal calves are hypogammaglobulinaemic or agammaglobulinaemic at birth. 2 It is essential that calves ingest and absorb adequate amounts of colostrum within the first 24 h of life, as after this point the uptake of macromolecules, such as IgG, ceases. 3 Dairy farming under northern Victorian conditions relies on the practice of removing the calves from the dam within the first few days of life and artificially rearing the calves. 4 Many calves are removed from the calving area only once daily and they may or may not receive colostrum supplementation after removal from the dam. 4 The aim of supplementation is to reduce the risk of failure of transfer of passive immunity (FTPI). The term FTPI is used when the calf's serum IgG concentration is < 10 mg/mL at 24-48 h of age.
Several factors aid in successful transfer of immunity, including feeding enough colostrum with a high concentration of immunoglobulins (> 50 mg/mL of IgG), feeding the colostrum within 12-24 h of birth and reducing bacterial contamination of the colostrum being fed. 2, 5, 6 Serum concentrations of IgG > 10 mg/mL at 24-48 h after birth indicate that adequate passive transfer of immunity has occurred and are associated with a significantly reduced risk of morbidity and mortality in the preweaning period. 7, 8 Successful passive transfer has also been recognised to provide many longer term benefits, including reduced morbidity and mortality rates post-weaning, improved feed efficiency, improved weight gain, reduced age at first calving, improved milk production in future lactations and a reduced risk of being culled in the first lactation period. 2, 9, 10 There are few colostrum management studies conducted under Australian conditions. Vogels et al. reported the prevalence of FTPI and agammaglobulinaemia in calves in south-west Victoria to be 38% and 8%, respectively. 4 Those authors also explored potential risk factors for both FTPI and agammaglobulinaemia and found that breed of the calf and the rate of removing calves from the calving area affected the levels of FTPI and agammaglobulinaemia in calves. 4 More recently, we reported on the risk factors that affected colostrum quality in northern Victorian dairy cows. 11 Although a number of colostrum management and feeding practices were examined in those studies, other aspects of colostrum hygiene, colostrum storage practices and management of dry cows leading up to calving were not examined.
Limited data are available on the common colostrum feeding and management practices carried out on dairy farms in Australia, which makes it difficult to establish how well current scientific recommendations are integrated into on-farm practices. The objectives of this survey were to firstly describe colostrum feeding and management practices carried out in northern Victorian dairy herds and secondly, to identify areas of current colostrum feeding and management that may affect calf health and welfare by comparing the results with the current industry recommendations.
Materials and methods
A questionnaire designed to investigate colostrum management and calf-rearing practices was sent via mail to all 150 commercial dairy farming clients serviced by Rochester Veterinary Clinic between June and September 2013. The questionnaires were returned by mail or by collection on farm during routine veterinary visits.
The questionnaire had 60 questions and was divided into three sections containing 17, 25 and 18 questions, respectively. Section 1 focussed on herd description with questions designed to capture general farm details, such as milking herd size, size of land farmed, cow breed composition of the herd, milk production (L/cow/year) and replacement heifer rates, and to explore common practices on these farms, such as calving pattern and grain/supplement usage (tonnes/cow/year).
Questions in Section 2 focussed on colostrum harvesting and management, including colostrum storage, hygiene and feeding practices carried out on farm.
In Section 3, calf-rearing and management, including calf-rearing routines such as housing arrangements, feeding regime and husbandry practices, were explored and the results are presented in a separate paper. The results were compared to current Australian and international industry recommendations. 5, 13, 14 Each variable in the survey was defined as not meeting the current industry recommendations if ≥ 25% of respondents were not meeting the industry recommendation. Table 1 , with the most common dairy herd composition consisting of Holstein-Friesian and crossbred cows, and the most common calving pattern being split. The animal health practices and the precalving dry cow and heifer management are outlined in Table 2 .
The common practices of timing of calf removal from the dam, supplementation of colostrum and colostrum management, including harvesting and measuring quality, are outlined in Table 3 . Of the surveyed herds > 89.7% (95% confidence interval (CI) 79.2-95.2) had calves removed from their dams > 2 h postpartum and over one-third (> 35.7%) were fed their first colostrum > 2 h postpartum. Approximately one-quarter (25.9%) of respondents indicated that they relied on the calf suckling colostrum from the dam to achieve adequate passive transfer, while a majority indicated that they pooled colostrum (67.2%) and visually assessed colostrum quality (65.5%), with only a small number of herds using a colostrometer (22.4%, 95% CI 13.6-34.7) or a Brix refractometer (6.9%, 95% CI 2.7-16.4) to assess colostrum quality (Table 3) . Colostrum was stored at ambient temperatures for an average of 6.14 days (median: 2 days) and refrigerated for an average 5.5 days (median: 3 days), both of these being higher than the industry recommendations (Table 4) .
Survey responses to all questions on calf and colostrum management practices in the 58 surveyed northern Victorian dairy farms are summarised in Supplementary Table 1 .
Discussion
This study gave some insight into the common colostrum management and calf-rearing practices on northern Victorian dairy farms and highlighted the need for greater awareness of industry standards for colostrum feeding and management. Of particular concern was that some of the herds surveyed did not conform to industry standards pertaining to the collection, assessment and storage of colostrum and in ensuring that calves received adequate, quality colostrum, including failure to supplement calves with colostrum and relying on calf suckling from the dam to achieve adequate passive transfer.
Calf removal from cow Our study found that a in a large proportion of herds surveyed, removal of the calf from the dam occurred later than the recommended 1-2 h postpartum. 13 Removal of the calf from the dam as soon as possible after birth is reported to reduce calf exposure to pathogens within the calving environment and on the integument of the cow 13, 14 and reduces the stressful effect of breaking the bond between the cow and calf, as the bond becomes more pronounced the longer the calf remains with the cow. 15 Others have also demonstrated a higher rate of FPTI in calves that received colostrum by natural suckling compared with artificial supplementation. 4, 16 One study found that calves that had never been hand fed extra colostrum had three-fold odds of agammaglobulinaemia when compared with calves that were always supplemented with colostrum 4 and Humphris reported that natural suckling failed to provide adequate passive transfer in 42.6% of calves compared with 8.3% in calves that received a single artificial feed of colostrum and 2.4% of that received two artificial feeds of colostrum. 16 On Australian dairy farms, labour availability largely influences both the timing of calf removal and the number of times per day calves are collected from the calving area. In the current survey, most herds were either removing calves within 12 h (60.3%, 95% CI 47.5-71.9), suggesting twice daily removal, or within 6 h (10.3%, 95% CI 4.8-20.8) suggesting 4 times daily removal, which may reduce the risk of FPTI. 4, 13 Colostrum feeding Researchers in the USA recommend that calves are removed from the dam within 2 h of birth, prior to the calf suckling, and supplementation with colostrum containing 100-200 g immunoglobulins within the first 4-6 h. 8, 13 This practice may be regarded as the 'gold standard' and may be practical on very intensively run dairy farms with adequate labour available, but is unlikely to be practical on most dairy enterprises, where labour is a major limiting factor.
It is likely the above guideline will be difficult to achieve in most Australian dairy herds. However, two-thirds of calves in the current survey received colostrum in the first 6 h of life, which does meet industry recommendations, although it is likely that many calves received their first feed of colostrum by nursing their dam. On average, a calf will only consume 2.5 L of colostrum if left to nurse from the cow. If the dam's colostrum is poor quality, calves will reach satiety before consuming the required level of immunoglobulins, putting the calf at high risk of FPTI. 17 Method of colostrum supplementation and volume fed to calves Our results on oesophageal tubing were similar to those in a previous study. 4 Oesophageal tubing has the advantage of ensuring the calf is given the desired volume of colostrum in a short period, when compared with natural suckling. However, anecdotally, oesophageal tubing is viewed by some producers as a challenging procedure to learn and there is a risk of aspiration, and possibly death of the calf, if the procedure is not carried out correctly.
The volume of colostrum supplemented to calves in the current study varied from 1 to ≥4 L, with most farms surveyed offering 2 L, which is also similar to previous findings. 4 These findings likely reflect a set protocol used by a number of herds in northern Victorian and south-west Victoria in order to ensure that all calves receive colostrum. Other herds may only supplement calves suspected of not having nursed from the dam and it is likely that calves from these herds are not receiving adequate volumes of high-quality colostrum, putting them at risk of FTPI. 
Timing of colostrum harvesting
Our results for cow collection and colostrum harvest are comparable to those of Vogels et al., who found that 71% of farms removed the cows from the calving environment within a day of calving. 4 The timing of cow and calf removal from the calving environment on Australian dairy farms is likely to be influenced by both labour availability and the number of times per day calves are collected from the calving area.
We reported previously that the timing of colostrum harvesting affected colostrum quality, with higher quality colostrum harvested from cows within 12 h of calving compared with colostrum harvested later, 11 suggesting it is best to harvest the colostrum as soon as possible after calving to improve quality.
Pooling of colostrum
Pooling of raw colostrum from multiple cows occurred in approximately one-third of the herds in this study. The practice of pooling raw colostrum is not recommended because it may result in the dilution of high-quality colostrum 2 and increases the risk of spreading or exposing neonatal calves to colostral-borne pathogens such as Johne's disease pathogen (Mycobacterium avium subsp. paratuberculosis), Salmonella spp. or Escherichia coli.
5,13
Assessing colostrum quality Assessment of colostrum quality was carried out in most the herds (94.8%, 95% CI 85.9-98.2) in our study. The most common method for assessing colostrum quality was visual assessment, which may identify obviously watery, bloody or discoloured colostrum. 5 However, visual assessment is not a reliable method of assessing colostrum quality. 18 More reliable on-farm methods for measuring colostrum quality include the use of colostrometers and Brix refractometers. Colostrometers have high specificity, but low sensitivity, resulting in samples being falsely classified as high quality. There are several factors such as fat content, other solids and temperature that may also affect colostrometer readings. 19, 20 The Brix refractometer provides an acceptable estimate of IgG in first-milking bovine colostrum and can be easily carried out cow-side. 21 A potential limitation to using a Brix refractometer to measure colostrum quality is that colostrum with a high fat content may result in a wide band of colour transitioning (from blue to white) when reading the Brix refractometer. 21 Although both the Brix refractometer and colostrometer have their limitations, they both are rapid and low-cost cow-side tests that may be useful for differentiating low-quality and high-quality colostrum. The survey identified a need for improved uptake of simple tools to aid in assessing colostrum quality on farm.
Colostrum storage
Storage of excess colostrum was carried out in over two-thirds of the herds surveyed, with the most common method being storage at ambient/room temperature for a higher than expected duration (mean: 6.14 days). There was a large range of storage times, with a maximum of 60 days, indicating that some respondents may have misinterpreted the question and the time recorded was for the colostrum stored at ambient temperatures and fermented and then fed to calves, not the time that colostrum was stored at ambient temperature and supplemented to calves for the purpose of reducing the risk of FTPI. The median duration of storing colostrum at ambient temperature was 2 days, which is more likely to be a reflection of the colostrum that is used to supplement calves for the purpose of reducing the risk of FTPI.
In the current survey, a majority of the herds where colostrum was stored at ambient temperature was not meeting the industry recommendation of storing colostrum for no more than 1 h 5,13 and consequently, are at risk of supplementing calves with unhygienic colostrum. Total microbial and coliform populations in colostrum stored at warm ambient temperatures can rapidly multiply within 24 h to levels that are above industry recommendations of a total plate count < 100,000 cfu/mL and total coliform count < 10,000 cfu/ mL, respectively. 22 Bacteria in the colostrum are believed to bind free IgG in the intestinal lumen or block the uptake and subsequent transport of IgG into the enterocyte, [23] [24] [25] affecting the passive transfer of colostral immunoglobulins. 25, 26 Study limitations This questionnaire was a survey and excluded any time-based implications. As the calving season progresses on each of the farms, practices may vary. In addition, the questionnaire was directed at the herd-level, so the data collected should be regarded as reflecting herd policies, rather than definite events that occur for each individual cow or calf. There is a potential for bias in the respondents, because of their regular use of veterinarians and affiliation with the Rochester Veterinary Practice. The features of non-respondents were not determined. There was the opportunity for misclassification of farmer-reported data in the questionnaire, particularly in regards to colostrum management and feeding. This was difficult to avoid without being present on each of the farms to assess the practices that each herd carried out.
Conclusions
The current survey has provided empirical data of the common colostrum feeding and management practices in northern Victorian dairy herds. The survey identified that improvements were required in a number of herds in the practices of time of removal calf from the dam, relying on calf suckling colostrum from the dam to achieve adequate passive transfer, failing to supplement calves with colostrum, feeding inadequate volumes of colostrum, delayed colostrum harvesting, pooling of colostrum, failing to objectively assess or relying upon visual assessment to determine colostrum quality and storing colostrum for a prolonged period of time at ambient temperatures.
The survey results highlighted the need for further education about colostrum feeding and management. The authors recommend that all dairy producers have a set protocol for supplementing dairy calves with additional high-quality colostrum. This should include all replacement and excess heifer and bull calves. Practising veterinarians can assist in implementing protocols, train producers in the practice of oesophageal feeding of calves and provide advice to dairy producers on current recommendations.
